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The minimum aortic procedure required was aortic root
replacement. The sparing of the native aortic valve had the
added advantages of excellent hemodynamics and no re-
quirement for anticoagulation. Because the ascending aorta
and aortic arch were of upper normal caliber, surgical re-
placement was not absolutely required at the same time.
Our rationale for concomitant replacement was 2-fold. First,
it added negligible extra perioperative risk, given his young
age and our extensive experience in aortic arch surgery.5 Sec-
ond, the patient was at a much higher risk of type A dissection
in the near future, given the natural history of LDS.1-4
In summary, the clinical observation from this case is that
surgical management of the proximal thoracic aorta in pa-
tients with LDS should take into account not only the pre-
senting aortic pathology but also the likely future aortic
syndromes based on the natural history of this aggressive
vasculopathy. The aortopathy seen in patients with LDS
merits an aggressive surgical approach, given its life-threat-
ening presentations.
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FIGURE 2. Midesophageal 2-chamber long-axis view of the aortic root.
The prosthetic aortic root replacement is evident, with normal full systolic
excursion of the reimplanted native aortic cusps (David V). LA, Left atrium;
LV, left ventricle; AO, aortic root.
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ECMO) is commonly used in respiratory distress syndrome.
Double cannulation of jugular and femoral veins is the
most practical clinical setting for adult patients. Despite
the excellent efficiency of membranous oxygenator, recir-
culation impairs oxygen delivery. There are several clini-
cally practical methods to quantify and monitor
recirculation in VV-ECMO applications. However, limited
interventions could be done to reduce recirculation. Theo-
retically, an attempt to insert the inflow cannula into theardiovascular Surgery c Volume 138, Number 2 503
Brief Technique Reportsright ventricle and even the main pulmonary artery may
avoid mixing and increase systemic saturation. The proce-
dural complexity and potential risks remain the drawbacks.
We introduce a simple modification of manipulating the di-
rection of inflow cannula to address the issue. The prefer-
ential flow toward the tricuspid valve and right ventricle
significantly increases the efficiency of oxygen delivery.
Our findings indicate that the redesign of the conventional
cannula results in a significant reduction of recirculation,
thereby demonstrating a significant improvement in oxy-
genation while on VV-ECMO. Patients with extremely
poor oxygenation caused by pulmonary disorders are indi-
cated for VV-ECMO.
VV-ECMO is usually considered as the last resort after
mechanical ventilation and inhaled nitric oxide for ex-
tremely poor oxygenation with various causes. However,
based on its intrinsic setting, recirculation between outflow
and inflow cannulae remains a clinical obstacle. Recircula-
tion per se significantly impairs systemic oxygenation and
contradicts the primary purpose of this practice. Various
modifications have been proposed to solve this problem. Lo-
cating the outflow cannula in the most desaturated blood and
the inflow cannula away from the outflow cannula or toward
the downstream chambers (right ventricle or pulmonary ar-
tery) is thought to be useful. Most VV-ECMO procedures
are performed at bedside. Both inflow and outflow cannulae
are inserted by using Seldinger’s techniques. Regardless of
how we increase the size of cannulae, ECMO flow, or metic-
ulous adjustment of the depth of insertion, recirculation is
not always avoidable.
We introduce a simple modification of the commercially
available cannula to redirect inflow and to reduce recircula-
tion. This modification provides a clinically practical
method to improve oxygen delivery.
CLINICAL SUMMARY
Fever and shortness of breath progressively developed in
a 25-year-old man in a 1-week period. He was a smoker and
had no recent travel or contact history. He had a productive
cough with blood-tinged sputum, high fever with chills, and
aggravated dyspnea, and was brought to the emergency
department. The blood gas analysis revealed poor arterial
oxygen saturation (SAO2 72%). Chest radiography showed
diffuse pulmonary infiltrates, and viral pneumonitis was ob-
served. Because of the clinical deterioration of the patient’s
condition, he was intubated for mechanical ventilation. Azo-
temia, anuria, and pulmonary hemorrhage via endotracheal
tube were noted. The fraction of inspired oxygen (FIO2)
was increased to 100%, followed by inhaled nitric oxide.
Persistent hypoxemia remained unchanged. The ratio of
arterial oxygen tension over FIO2 was 56. Extracorporeal
oxygenation was requested. Because of adequate cardiac
performance and isolated pulmonary dysfunction, VV-
ECMO was set up. Mixed venous blood was drawn via504 The Journal of Thoracic and Cardiovascular SurFIGURE 1. 3-0 Prolene was used to make 3 consecutive bites over the
proximal third of the 21F Medtronic (Minneapolis, Minn) femoral artery
cannula. The desired curvature was made by pulling up the suture.gery c August 2009
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via the right jugular vein. SAO2 increased to 87% under
the ECMO flow of 4.6 L/min and 100% FIO2. Attempts to
adjust the position of cannulae did not improve the systemic
saturation. On the following day, a modification of inflow
cannula was made. A 3-0 Prolene was used to bend the
21F Medtronic (Minneapolis, Minn) femoral artery cannula
toward the right ventricle (Figure 1). The Prolene suture was
knotted over the tip and stopped by 2 turning points to create
the curvature. Pulling up the 3-0 Prolene made the tip of can-
nula adjustable. The inflow cannula was changed by this ad-
justable cannula. The suture was pulled and fixed on the
female luer lock of the cannula. Under the same ECMO
flow, the systemic oxygenation reached 96% after this mod-
ification (Table 1). The chest films showed a lazy curvature
of the radio-opaque portion of the inflow cannula (Figure 2).
The soft plastic portion of the inflow cannula was identified
by transesophageal echocardiography (Figure 3). The jet of
ECMO inflow, which was observed on the transthoracic or
transesophageal echocardiography, was toward the right
ventricle.
The patient was weaned from VV-ECMO 10 days later.
The patient was extubated 2 more days later and had
a smooth recovery thereafter.
DISCUSSION
Various methods exist for the clinical practice of VV-
ECMO. Among the clinical techniques used are the single-
lumen catheter for tidal flow VV-ECMO, dual-lumen
catheter, and double and even triple cannulation1 of the
jugular and femoral veins. Double cannulation is the most
commonly used practice. It has been well demonstrated
that femoroatrial bypass provides higher maximal flow and
higher pulmonary arterial oxygen saturation, and requires
comparatively less flow to maintain an equivalent oxygen
saturation than atriofemoral bypass.2
Because recirculation during VV-ECMO reduces oxygen
delivery to the patient, efforts to reduce recirculation could
optimize patient care, but the cannulae designed for per-
cutaneous insertion limit malleability. Clinically adjustable
parameters are the fraction of inspired oxygen, gas flow,
ECMO flow, and depth of cannulae. However, recirculation
TABLE 1. Efficacy of oxygen delivery of venovenous extracorporeal
membrane oxygenation using conventional versus modified cannula
PAO2 (mm Hg) PaCO2 (mm Hg)
SAO2
Hb
(g/dL)
Pump
flowRA ECMO RA ECMO
Conventional
cannula
54 427 43 16 87% 14.3 4.6
L/min
Modified
cannula
83 395 41 17 96% 13.9 4.6
L/min
RA, Radial artery; ECMO, extracorporeal membrane oxygenation; SAO2, right thumb
transcutaneous oxygen saturation; Hb, hemoglobin. ECMO oxygenator setting:
FIO2: 100%, gas flow: 2 L/min.The Journal of Thoracic and Cis still unavoidable. Quantification of recirculation by con-
ventional blood gas analyses, thermodilution, or dilutional
ultrasound monitoring3 during VV-ECMO has been re-
ported. All of these methods have been used to measure
changes in baseline recirculation in the face of cannula repo-
sitioning and drug-induced cardiac output changes. Ideally,
the ECMO flow necessary to maintain patients’ oxygen sat-
uration greater than 90% should be significantly lower than
the cardiac output. The venous oxygen tension derived from
the outflow cannula is within physiologic range, and less
FIGURE 2. Plain chest radiograph shows the lazy curvature of the inflow
cannula from the right neck base toward the right ventricle. The drawing
cannula was located below the diaphragm.
FIGURE 3. Transesophageal echocardiography reveals the tip of the
inflow cannula aiming at the tricuspid valve.ardiovascular Surgery c Volume 138, Number 2 505
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inflow cannula. This evidence rules out clinically relevant
recirculation volume.4 However, limited effective interven-
tions could improve oxygen delivery. Relocating the inflow
cannula to the main pulmonary artery by a surgical approach
was reported by our team.5 Surgical invasiveness remains
a concern. Therefore, we developed this minimally invasive
approach to manipulate the inflow cannula to redirect the
flow and avoid mixing.
The inflow jet toward the right ventricle limits the recircu-
lation by diversion of flow direction and reduction of mixing
oxygenated and deoxygenated blood inside the right atrium
or vena cavae. The depth of insertion should be estimated in
advance. Plain chest radiography should offer sufficient infor-
mation on the length and desired curvature. Current digital
films allow us to measure the exact distance between 2 points
on the screen. The curvature was only apparent inside the right
atrium. The portion of cannula inside the innominate vein and
superior vena cava did not allow for bending. Therefore, the
turning points for the suture to stop are mainly located over
the proximal third of the inserted length. The monofilament
stitch was favorable for this application because of less possi-
bility of infection. However, braided sutures such as Ethibond
Excel (Ethicon, Somerville, NJ) have better strength. Once the
cannula was inserted, the proper location was evaluated by ar-
terial blood gas, chest films, and transthoracic or transesopha-
geal echocardiography. By turning the cannula and pulling the
thread to bend the tip toward the tricuspid valve, minimal re-
circulation was achieved. By sampling the oxygen saturationA workbench to make artificial chor
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Mitral valve repair using an expanded polytetrafluoro-
ethylene (ePTFE; Gore-Tex, W.L. Gore and Associates,
Flagstaff, AZ) chorda is a reliable method. To determine
the appropriate length of artificial chorda, some experiment-
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determined without difficulty.
Some might be concerned about the risk of arrhythmia.
Care should be given to avoid the jet irritation of the right
ventricle. If arrhythmia occurs, readjustment under echo-
cardiographic guidance should be done. The practice of
manipulating the endovascular devices is common with
interventionists and cardiovascular surgeons.
CONCLUSIONS
We have introduced a simple bedside maneuver of manip-
ulating the inflow cannula of VV-ECMO to significantly re-
duce recirculation and increase systemic oxygen saturation.
Percutaneous, tailor-made, malleable cannula may be avail-
able in the near future. Then, the troublesome issue could be
reduced to the minimal extent.
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ing is required; thus many methods to determine the right
length have been advocated. Von Oppell and Mohr demon-
strated a technique using a ruler to make ePTFE loops of
premeasured length.1 Here, we describe a novel loop maker
for artificial chordal reconstruction.
TECHNIQUE
We developed a workbench to make artificial chordal
loop for mitral valve repair (03-5425; Geister, Tuttlingen,
Germany). This device consists of a metal plate with 6 small,
diagonally positioned rods and 2 pledget holders (Figure 1).
The distances between the pledget holder on the reference
line and the rods ranges from 15 to 25 mm, notched at
2-mm intervals, and from 16 to 26 mm when used upside
rgery c August 2009
